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I.  INTRODUCTION 

Wind  Tunnel  tests  were  conducted  to  evaluate  new  high  dynamic  pressure 
protective  devices  Incorporated  Into  a  conventional  ejection  seat.  These 
tests  are  part  of  a  development  program  “Advanced  Ejection  Seat  for  High 
Dynamic  Pressure  Escape".  The  objectives  of  this  program  are  to  develop  an 
ejection  seat  design  which  will  provide  safe  escape  during  emergency 
conditions  encountered  throughout  the  performance  envelope  of  an  aircraft  with 
speed  capability  to  687  KEAS  (1600  PSF). 

Tests  were  conducted  in  the  Arnold  Engineering  Development  Center  16T  wind 
tunnel  to  obtain  aerodynamic  characteristics  of  various  ejection  seat 
configurations  with  wlndblast  protection,  drag  reduction,  and  stabilization 
devices  added  to  the  seat.  These  data  will  be  used  to  develop  new  protective 
concepts  to  enhance  pilot  survivability  during  escape  in  a  high  dynamic 
pressure  environment.  Ejection  seat  computer  performance  simulations  will  be 
used  to  evaluate  the  effect  of  the  various  devices  on  seat  trajectory  and 
stability  and  in  reducing  the  acceleration  loads  on  the  crewmember  during  high 
speed  escape. 

A  total  of  12  configurations  were  tested  to  evaluate  separately  and 
collectively  the  effects  of  (1)  a  wind  blast  shield,  (2)  an  aft  body  boom 
mounted  at  two  positions,  (18  and  35  degrees),  (3)  a  horizontal  stabilizer 
attached  to  the  boom,  and  (4)  a  fore  body  flow  diverter.  These  devices  were 
attached  to  an  existing  0.5-scale  dumn\y  crew  member  and  ejection  seat  model, 
sting  mounted  from  the  test  section  top  wall.  A  description  of  the  basic 
model  and  data  from  previous  tests  conducted  In  Tunnel  16T  were  reported  In 
References  1  through  4. 

Data  were  obtained  over  an  angle-of -attack  range  of  -45  to  75  deg,  a  yaw  angle 
range  of  -5  to  30  deg,  and  Mach  numbers  of  0.6,  0.9,  1.2,  and  1.5.  Rocket 
plume  effects  were  simulated  with  high  pressure  cold  air  for  selected 
configurations. 
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II.  APPARATUS 

2.1  TEST  FACILITY 

The  AEOC  Propulsion  Wind  Tunnel  (16T)  is  a  variable  density,  continuous-flow 
tunnel  capable  of  being  operated  at  Mach  numbers  from  0.2  to  1.5  and 
stagnation  pressures  from  120  to  4000  psfa.  The  maximum  attainable  Mach 
number  can  vary  slightly  depending  upon  the  tunnel  pressure  ratio  requirements 
with  a  particular  test  installation.  The  maximum  stagnation  pressure 
attainable  is  a  function  of  Mach  number  and  available  electrical  power.  The 
tunnel  stagnation  temperature  can  be  varied  from  about  80  to  160  deg  F 
depending  upon  the  cooling  water  temperature.  The  tunnel  is  equipped  with  a 
scavenging  system  which  removes  combustion  products  when  testing  with  rocket 
motors  or  turbo-engines.  The  test  section  is  16  ft  square  by  40  ft  long  and 
enclosed  by  60-deg  inclined-hole  perforated  walls  of  six-percent  porosity. 
Additional  information  about  the  tunnel,  its  capabilities,  and  operating 
characteristics  is  presented  in  Reference  5. 

2.2  TEST  ARTICLE 

The  basic  model  consisted  of  a  0.5-scale  representation  of  an  F-106  ejection 
seat,  occupied  by  a  50th  percentile  crewmember  in  normal  flying  clothes  and 
equipment.  Figure  1  shows  the  basic  man-seat  model  details  and  dimensions. 
Various  protective  devices  capable  of  being  incorporated  into  the  man-ejection 
seat  model  included:  (1)  addition  of  a  blast  shield  to  cover  the  crewmembers 
head  and  upper  torso,  (2)  addition  of  a  boom  attached  to  the  seat  back  at  two 
different  positions,  (3)  addition  of  a  horizontal  stabilizer  to  the  boom,  and 
(4)  addition  of  a  flow  diverter  to  the  front  of  the  seat  (see  Figures  2 
through  5)  various  combinations  of  these  devices  resulted  in  twelve  (12)  test 
configurations  as  shown  In  Figure  6. 

The  model  was  sting  mounted  on  a  six-component  balance.  A  rocket  nozzle  was 
Incorporated  to  permit  simulation  of  rocket  plume  effects  with  high  pressure 
cold  air  supplied  through  the  support  sting.  The  nozzle  was  cantilevered  from 
the  sting  adapter  so  that  the  balance  did  not  measure  the  rocket  thrust 
loads.  Major  dimensions  of  the  nozzle  assembly  are  shown  in  Figure  7. 
Additional  model  details  are  documented  in  Reference  6. 
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HORIZONTAL  STABILIZER 


■igun  2  Advanced  Ejection  Seat  Wind  Tunnel  Mode l 


Figure  3.  Wind  Tunnel  Mode I  Boom  end  Horizonte /  Stebifizer 


Figure  5.  Wind  Tunnel  Mode I  Flow  Diverter  Configuration 
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7.  Rocket  Nozzle  Details 


The  support  system  for  the  sting  provided  the  capability  to  pitch  the  ejection 
seat  model  through  an  angle-of -attack  range  from  -45  to  75  deg  with  a  remotely 
controlled  hydraulic  actuator.  Model  yaw  angles  -5  to  30  deg  were  achieved  by 
rotating  the  model  and  support  system  about  the  vertical  axis  of  the  tunnel 
with  a  motor-operated  roll  mechanism  Installed  above  the  top  wall  of  the  test 
section.  Figure  8  shows  the  sting  and  support  system  arrangement.  Figure  9 
through  18  are  photographs  showing  some  of  the  ejection  seat  configurations 
mounted  in  the  wind  tunnel  for  testing. 

2.3  INSTRUMENTATION 


An  internally  mounted,  six-component,  strain-gage  balance  was  used  to  measure 
model  forces  and  moments.  Pitch  and  roll  position  indicators  were  mounted  on 
the  sting-support  system  for  determination  of  model  attitude;  in  addition,  an 
angular  position  indicator  was  mounted  within  the  ejection  seat  model  for 
model  pitch  attitude  determination.  The  jet  total  pressure  and  temperature 
were  measured  with  pressure  transducers  and  copper-constantan  thermocouples, 
respectively.  Pressure  transducers  were  also  used  to  measure  the  dummy 
crewman's  head  pressure,  model  cavity  and  base  pressure.  For  selected 
configurations,  the  boom  and  horizontal  stabilizer  region  of  the  model  was 
painted  with  a  titanium  dioxide  solution  prior  to  tunnel  operation  to  obtain 
flow  visualization  photographs  of  the  model  after  establishing  test  conditions. 

III.  TEST  DESCRIPTION 

3.1  TEST  CONDITIONS  AND  PROCEDURES 

Data  were  obtained  at  freestream  Mach  numbers  of  0.6,  0.9,  1.2  and  1.5  for 
angles  of  attack  from  -45  to  75  degrees  and  yaw  angles  from  -5  to  30  degrees. 
For  selected  configurations,  the  force  and  moment  data  were  obtained  with  both 
jet-off  and  jet-on  conditions.  A  high  pressure  air  supply  system  was  used  to 
generate  the  nozzle  pressure  ratio  that  would  best  simulate  the  plume  shape  of 
the  full-scale  rocket  exhaust  at  a  sea  level  altitude.  Also  for  selected 
configurations,  flow  visualization  photographs  were  obtained  by  painting  the 
boom  and  stabilizer  with  a  titanium  dioxide  solution  prior  to  the  test  run. 
Figures  19  through  21  are  flow  visualization  photographs  for  some  of  the 
configurations  tested. 
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BOOM  MOUNTING  PLATE  COVERS 


Figure  9.  Belie  Seet  with  Boom  Attachment  Mote  ■  Soot  et  a~CP  (Configuretion  9} 
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Figure  1 1.  Saat  w 1th  UP  Boom.  Saabitixar,  and  Windbimt  Shbfd  ( Configuration  1) 


Figure  1Z  Set  w 1th  ItP  Boom  end  StebMier  (Configuration  7) 


Figun  13.  Saat  with  18P  Boom  and  Sabiiitar  (Configuration  7) 
Looking  Downttraam  in  Tunnoi  16T  -  Soot  at  a-o  -0° 


Figure  14.  Seet  with  ItP  Boom  end  Stabilizer  (Configuration  7)  ■  Seat  at  am-4&* 
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Figun  18.  Saat  with  35°  Boom  and  Stabitizar  (Configuration  8) 


fffurw  fS,  Smr  vrith  HP  Boom  (Con  figuration  61 


18  Smtwfth  If*  Boom,  Stobflfitr  and  Flow  Dhartarf Con  figuration  ft) 


*%S* 


Ffgurw  19  Flow  VHuallntion  Photograph  tor  Soot  with  20  Boom,  Horiront* 
Stabfl/zar  and  Btoot  Shfatd  f Configuration  2) 
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Figur •  20.  Flow  Vkuaiization  Photograph  for  Saat  with  JS°  Boom 
and  Horizontal  StabiHzar  ( Configuration  8) 


Figure  21.  Flow  Vitueiizetion  Photograph  for  Seat  with  ItP  Boom 
and  Flow  Diverter  (Configuration  10 j 


Data  Mere  obtained  by  setting  the  appropriate  tunnel  conditions  and  taking 
steady- state  data  with  either  angle  of  attack  or  angle  of  yaw  as  a  run 
variable.  Model  positioning  and  data  acquisition  were  computer  controlled 
during  the  data  acquisition  sequence.  Model  system  dynamics  were  monitored  by 
a  real  time  computer  system  with  control  room  displays  showing  the  dynamic 
stresses  during  tunnel  operation.  A  summary  of  test  conditions  and 
configurations  tested  is  presented  in  Table  1. 

All  steady-state  measurements  were  sequentially  recorded  by  the  facility 
on-line  computer  system,  which  reduced  the  data  to  engineering  units,  further 
processed  the  data  to  obtain  the  required  model  parameters,  tabulated  the  data 
in  the  Tunnel  16T  control  room,  recorded  the  data  on  magnetic  tape,  and 
transmitted  the  data  to  the  AEDC  central  computer  file.  The  data  stored  in 
the  central  computer  file  were  generally  available  for  plotting  and  analysis 
on  the  PWT  Interactive  Graphics  System  within  30  seconds  after  data 
acquisition.  The  immediate  availability  of  the  tabulated  and  plotted  data 
permitted  continual  on-line  monitoring  of  the  test  results. 

The  model  force  and  moment  data  were  corrected  for  weight  tares  and  the  model 
yaw  angle  was  corrected  for  balance  and  support  system  deflections. 

3.2  DATA  REDUCTION 

The  ejection  seat/crewmenter  force  and  moment  data  were  reduced  to  coefficient 
forms  in  the  body  axis  system  and  are  presented  in  the  appendix  of  this 
document.  All  tabulated  data  are  referenced  to  the  seat  reference  point  (SRP) 
which  is  defined  as  the  intersection  of  the  compressed  seat  back  tangent  plane 
and  compressed  seat  cushion  tangent  plane  and  the  plane  of  aerodynamic 
symmetry.  This  moment  reference  center  was  selected  since  the  SRP  is  common 
to  all  USAF  developed  ejection  seats  and  the  data  can  readily  be  transferred 
to  any  specific  ejection  seat/crewmember  center  of  gravity. 

3*2.1  Body  Axis  System  -  The  body  axis  system,  as  shown  in  Figure  22, 
consists  of  a  set  of  mutually  perpendicular  axes,  X,  Y,  and  Z,  with  their 
origin  at  the  Seat  Reference  Point.  The  X  and  Z  axes  always  lie  in  the  plane 
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Table  1.  Summary  of  Test  Conditions  and  Configurations 
(Sheet  1  of  4) 


CONFIG. 

NO. 

CONFIGURATION 

a  DEG. 

i/i  OEG. 

COMMENTS 

APPENDIX 
PAGE  NO. 

1 

Seat  with: 

18°  boom 

Horiz.  ttab. 

Blast  shield 

Jet  off 

Variable 

0 

83 

0 

Variable 

<1/  limited  to  +20°  due 
to  balance  load  limit. 

84,85 

15 

Variable 

i/i  limited  to  +20° 

84,85 

30 

Variable 

ill  limited  to  +20° 

No  data  at  Mach  1.S 

84,85 

1 

Seat  with: 

18°  boom 

Horiz.  stab. 

Blast  shield 

Jet  on 

Variable 

0 

86 

0 

Variable 

ill  limited  to  +20° 

87,88 

IS 

Variable 

ill  limited  to  +20° 

87,88 

30 

Variable 

ill  limited  to  +20R 

No  data  at  Mach  1.5 

87,88 

2 

Seat  with: 

35°  boom 

Horiz.  stab. 

Blast  shield 

Jet  off 

Variable 

0 

No  data  for  negative 
a  at  Mach  1.5  -  Flow 
visualization  at  Mach  0.6 

88 

0 

Variable 

i/i  limited  to  +20P 
at  Mach  1.5 

90,91 

16 

V  enable 

<i>  limited  to  +20° 
at  Mach  1.5. 

90.91 

30 

Variable 

i/i  limited  to  +20° 
at  Mach  1.5 

90,91 

2 

Seat  with: 

35°  boom 

Horiz.  sub. 

Blast  shield 

Jet  on 

Variable 

0 

No  data  for  negative 
a  at  Mach  1.5, 

92 

0 

Variable 

iji  limited  to  +20° 

93,94 

IS 

Variable 

93,94 

30 

Variable 

*  limited  to  +20° 

93,94 
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Table  1.  Summary  of  Test  Conditions  and  Configuration 
(Sheet  2  of  4) 


CONFIG. 

NO. 

CONFIGURATION 

a  OEG. 

t  OEG. 

COMMENTS 

APPENDIX 
PAGE  NO. 

Seat  with: 
18°  boom 
Blast  shield 


Seat  with: 
18°  boom 
Blast  shield 


Seat  with: 
35°  boom 
Blast  shield 


Seat  with: 
18°  boom 


Jet  off 


t  limited  to  20° 
at  Mach  1.2  &  1.5 


105,106 


105,106 


105,106 


2 


CONFIG. 

NO. 

CONFIGURATION 

aOEG. 

^  DEG, 

COMMENTS 

APPENDIX 
PAGE  NO. 

to 

Seat  with: 

18°  boom 

Flow  diverter 

Jet  off 

Variable 

0 

Flow  visualization 
at  Mach  1.2 

118 

n 

Variable 

4>  limited  to  25° 
at  Mach  1.2  &  1.5 

119.120 

0 

Variable 

limited  to  20° 
at  Mach  1.2  &  1.5 

119,120 

15 

Variable 

\ji  limited  to  15°  at 

Mach  1.2  &  20°  at 

Mach  1.5 

119,120 

11 

Seat  with: 

18°  boom 

Horizontal  stabilizer 
Flow  diverter 

Jet  off 

Variable 

0 

No  data  for  a  at 
-40°  or  -45°  for 

Mach  0.9. 1.2,  &  1.5 

121 

0 

Variable 

it  limited  to  20°  at 

Mach  1.2  and  25° 
at  Mach  1.5 

122,123 

15 

Variable 

limited  to  20° 
at  Mach  1.2  &  1.5 

122,123 

30 

Variable 

limited  to  25°  at 

Mach  1.2  &  20° 
at  Mach  1.5 

122,123 

12 

Seat  with: 

38°  boom 

Horizontal  stabilizer 
Flow  diverter 

Jet  off 

Variable 

0 

No  data  for  negative 
oat  Mach  1.5 

124 

0 

Variable 

limited  to  20° 
at  Mach  1.5 

125,126 

15 

Variable 

)  limited  to  20° 
at  Mach  1.5 

125,126 

30 

Variable 

\l>  limited  to  20° 
at  Mach  1.5 

125.126 

DATA  POINTS 

MACH  NUMBER 

a6,  0.9,  1.2,  1.5 

a  VARIABLE  RANGE  (DEG) 

-45  to  75  in  increments  of  5. 

<l>  VARIABLE  RANGE  (DEG) 

-R  -2,  0,  2,  5,  10,  IS,  20,  25.  30 

29 


+2 

ft 

cz<-Cn> 


Figure  22.  Definition  of  Standardized  Body  Axis  System, 


of  aerodynamic  symmetry.  The  X  axis  is  normal  to  the  plane  of  the  seating 
surface  that  supports  the  crew  member's  spine  (compressed  seat  back  tangent 
plane)  and  is  positive  in  the  direction  that  the  crewmember  faces.  The  Z  axis 
coincides  with  the  line  of  intersection  between  the  plane  of  aerodynamic 
symmetry  and  the  compressed  seat  back  tangent  plane  and  is  positive  in  the 
head  to  feet  direction.  The  Y  axis  is  perpendicular  to  the  plane  of  aero¬ 
dynamic  symmetry  and  is  positive  from  the  crewmember's  left  to  right.  When 
the  compressed  seat  back  tangent  plane  is  perpendicular  to  the  wind  stream 
vector  both  the  angle  of  attack  and  sideslip  (yaw)  are  zero.  Rotation  of  the 
ejection  seat  about  the  Z  axis  to  the  right  (facing  upstream)  creates  a  nega¬ 
tive  sideslip  (positive  yaw  angle,  |(>)  and  a  subsequent  rotation  of  the 
ejection  seat  clockwise  about  the  Y  axis  creates  a  positive  angle  of  attack  (a) 
The  direction  of  the  moments  were  chosen  to  be  consistent  with  the  universally 
used  right  hand  rule  of  moment-force  relationship. 

This  axis  system  is  directly  applicable  to  computer  simulation  and  also 
corresponds  to  the  established  human  tolerance  "G"  vector  coordinate  system 
with  the  exception  of  the  +GZ  vector  *hich  fS  In  the  opposite  direction  of 
the  +Z  axis. 

3.2.3  Reference  Area  and  Length  -  The  reference  area,  S,  used  for  data 
reduction  for  all  configurations  was  the  projected  frontal  area  of  the 
ejection  seat  including  the  occupants  protruding  extremities  ataand$=  0.0. 

For  the  half  scale  model  (see  Figure  1)  the  reference  area  was  1.86  ft?. 

The  reference  length,  d,  was  defined  as  the  hydraulic  diameter  of  the  model 
which  in  turn  is  defined  as  the  diameter  of  a  circle,  d,  whose  area,  S,  is 
equal  to  the  projected  area  of  the  seat-man  configuration  C^4S/tr) .  The 
reference  length,  d,  for  the  half  scale  model  was  18.74  Inches. 

3.2.2  General  Transfer  Equations  -  The  tabulated  aerodynamic  coefficients 
presented  In  the  appendix  of  this  document  are  shown  referenced  to  the 
standarized  seat  reference  point,  SRP.  However,  for  preliminary  ejection  seat 
performance  prediction  analysis  it  is  advantageous  to  have  the  data  referenced 
about  a  typical  seat/crewmember  static  center  of  gravity  location  for  the  seat 
being  analyzed.  The  general  transfer  equations  are  presented  In  Figure  23. 
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Nota:  Rsftr  to  Rgur«  22  for 
•xif  systam  definition. 

*  z  is  nsgativ*  whan  C.G.  is  abova  S.R.P. 


C*CG 

‘  CX 

<CY 

°^CG  ' 

,cz 

°*CG 

•Cj- 

ZCyM 

-  yCz/d 

CmCG  ' 

,cm 

+  xC^c 

1  +  zCx/d 

0,1  CG  " 

Cn  + 

yCx/d 

■  XCy/d 

Figure  23.  Body  Axil  System  Trensfer  of  Aerodynamic  Coefficients  from 
Seat  Reference  Point  (SRP)  to  Seat  Center  of  Gravity  (CGJ 


! 

i 

To  evaluate  the  aerodynamic  characteristics  of  the  advanced  high  dynamic 
pressure  ejection  seat  with  wind  blast  protection,  drag  reduction,  and 
stabilization  devices,  data  were  transferred  to  a  nominal  static 
seat/crewmenfcer  center  of  gravity  as  shown  on  Figure  1.  Plotted  data 
presented  In  the  analysis  section  of  this  document  are  generally  referenced  to 
this  seat/crewmember  center  of  gravity. 

3.3  PRECISION  OF  MEASUREMENTS 

Uncertainties  (combinations  of  systematic  and  random  errors)  of  the  basic 
tunnel  parameters,  (static,  dynamic  and  total  pressure,  Reynolds  number,  and 
Mach  number)  were  estimated  from  repeat  calibrations  of  the  instrumentation 
and  from  the  repeatability  and  uniformity  of  the  test  section  flow  during 
tunnel  calibration.  Uncertainties  In  the  Instrumentation  systems  were 
estimated  from  repeat  calibration  of  the  systems  against  secondary,  standards 
whose  uncertainties  are  traceable  to  the  National  Bureau  of  Standards 
calibration  equipment.  The  tunnel  parameter  and  instrument  uncertainties  for 
a  95<  confidence  level  are  combined  using  the  Taylor  series  method  of  error 
propagation  described  in  Reference  7  to  determine  the  uncertainties  of  the 
reduced  parameters  shown  in  Table  2. 


33 


TABLE  2.  MEASUREMENT  UNCERTAINTIES 


M  *  0.6  M  =  1.2 

Q  *  184  psf  Q  =  290  psf 


o* 

+0.15  deg. 

+0.15  deg. 

* 

+0.20  deg. 

+0.20  deg. 

ucx 

+0.0158 

+0.0082 

ucz 

+0.0205 

+0.0116 

UCY 

+0.0146 

+0.0065 

UCm 

+0.0075 

+0.0038 

UCn 

+0.0024 

+0.0009 

uc1 

+0.0034 

+0.0022 

Note:  Data  uncertainties  values  are  quoted  for  ALPHA  *  30  deg  and  YAW  *  15  deg 
*  For  model  angles  of  attack  from  -30  to  70  deg 
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IV. 


SUMMARY  OF  RESULTS 


The  results  of  the  high  dynamic  pressure  ejection  seat  Mind  tunnel  test 
program  are  presented  in  graphic  form  in  Figures  24  through  45  and  in  tabular 
form  in  the  appendix  to  this  document.  References  8  and  9  also  contain  a 
complete  tabulation  of  the  data.  Six  component  force  and  moment  data  are 
presented  in  coefficient  form.  All  tabulated  coefficients  are  in  the  same 
standardized  seat/c rewmember  X,Y,  and  Z  body  axis  system  with  the  moment 
reference  center  at  the  seat  reference  point  (See  Figure  22).  All  graphic 
data  are  in  the  standardized  body  axis  system  but  with  the  moment  reference 
center  at  the  seat/crewmember  center  of  gravity  (See  Figure  1)  except  in 
Figures  24  and  25  which  uses  the  seat  reference  point  moment  center. 

Figures  24  and  25  compare  the  aerodynamic  characteristics  for  the  basic 
seat/crewmember  model  without  any  high  speed  protective  devices  to  previously 
obtained  data  (reference  4)  on  the  same  model.  Some  minor  differences  exist 
between  current  and  previous  test  data,  but  these  differences  can  be 
attributed  to  changes  made  to  the  basic  model  and  sting  support  system.  These 
changes,  required  to  accommodate  installation  of  the  high  dynamic  pressure 
devices,  are: 

1.  A  12  inch  sting  extension  was  added  to  accommodate  the  aft  body  boom 
used  in  the  current  tests.  See  Figure  8. 

2.  The  balance  was  re-oriented  from  a  near  vertical  position  in  which  it 
was  completely  buried  inside  the  model  cavity  to  a  near  horizontal  position 
which  resulted  in  the  balance  extending  out  from  the  model  -seat  back.  This 
change  was  made  to  minimize  balance  loads  during  testing  with  the  aft  body 
boom. 


3.  Plates  to  attach  the  aft  body  booms,  and  to  protect  the  balance  were 
added  to  the  basic  seat  model  (Figure  9). 

4.  In  the  previous  tests  of  Reference  1  and  4,  a  model  to  sting 
attachment  change  was  made  at  zero  angle  of  attack  while  the  current  tests 
were  conducted  with  a  single  model/  sting  attachment  for  the  entire  test 
series. 


Results  of  current  tests  of  the  basic  seat  show  a  smooth  curve  of  Cx  versus 
alpha  at  o=0.  A  discontinuity  occurred  at  that  point  In  the  reference  4  data 
due  to  re-positioning  of  the  model  on  the  sting  at  a=0.  This  Is  evident  In 
the  data  shown  in  Figure  24  at  all  Mach  numbers. 

Minor  differences  in  pitching  moment  (0.06  maximum)  about  the  seat  reference 
point  are  exaggerated  In  Figure  24  due  to  the  expanded  ordinate  scale.  The 
same  can  be  said  for  C  versus  Yaw  In  Figure  25  where  differences  up  to  0.3 
occur  at  the  subsonic  Mach  numbers  at  a  Yaw  angle  of  30  degrees.  These 
differences  are  probably  due  to  addition  of  the  mounting  plates  and 
repositioning  of  the  balance  outside  of  the  model  for  the  current  tests. 

Figures  26  through  28  show  the  effect  of  the  rocket  plume  on  Cx,  C  2  and 
Gjiicg  for  a  simulated  sea  level  plume.  Data  of  figures  26  and  27  indicate 
that  the  rocket  plume  does  not  have  a  significant  effect  on  the  aerodynamic 
characteristics  for  the  seat  with  either  the  18  deg  or  35  deg  boom  with 
stabilizer  and  blast  shield  (configurations  1  and  2)  through  the  angle  of 
attack  (-45  to  75  deg)  and  mach  number  0.6  to  1.5)  ranges  tested.  Figure  28 
shows  the  rocket  plume  effects  for  the  seat  with  18  deg  boom  and  blast  shield 
(configuration  3).  For  this  configuration  a  rocket  plume  effect  may  be  seen 
for  angles  of  attack  above  40  deg  at  mach  number  0.5,  but  diminishes  to  a  very 
minor  effect  at  mach  number  1.5.  These  data  indicate  that  for  a  stabilized 
ejection  seat  system  where  the  angle  of  attack  remains  within  about  -45  deg 
to  +45  deg  ,  the  rocket  plume  effect  may  be  neglected  in  making  preliminary 
ejection  seat  performance  predictions. 

Figure  29  shows  the  effect  on  force  and  pitching  moment  coefficients  of  adding 
the  18  deg  boom  with  stabilizer  (configuration  7)  and  the  35  deg  boom  with 
stabilizer  (configuration  8)  to  the  basic  seat  (configuration  9).  These  data 
show  that  adding  a  boom  and  a  stabilizer  causes  the  pitch  moment  coefficient 
to  become  a  iwch  more  sensitive  function  of  angle  of  attack.  The 
correspondingly  greater  slope  of  this  function  Implies  that  the  seat  has  a 
more  stable  pitch  trim  attitude.  Also  the  seat  trim  point  shifts,  for  exanple 
at  Mach  0.6,  from  about  a  -25  deg  for  the  basic  seat  to  near  15  deg  with  the 
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18  deg  boom  and  near  35  deg  with  the  35  deg  boom.  The  force  coefficients, 

Cx  and  Cz,  show  the  effect  of  drag  reduction  at  angles  of  attack  close  to 
the  respective  trim  values  for  the  configurations  with  boom  and  stabilizer  as 
compared  to  the  drag  of  the  basic  seat  at  Its  trim  condition.  This  figure 
shows,  comparatively,  the  pitch  trim  attitudes  for  these  configurations  and 
provides  a  basis  for  Interpolating  aerodynamic  coefficients  for  configurations 
with  a  boom  angle  between  18  deg  and  35  deg. 

Figure  30  shows  the  effect  on  side  force,  rolling  moment  and  yawing  moment 
coefficients  of  the  seat  with  18  deg  and  35  deg  booms  and  stabilizers 
(configurations  7  and  8).  These  curves  indicate  the  large  magnitude  of  the 
side  force  and  yaw  moment  coefficients  due  to  the  aft  boom  at  yaw  angles 
greater  than  approximately  10  .  The  plots  of  the  roll  moment  coefficient,  C 
for  these  configurations  show  that  at  subsonic  speeds,  for  yaw  angles  between 
0  deg  and  approximately  15  deg  ,  the  sign  of  this  coefficient  is  negative, 
indicative  of  the  complexity  of  the  flow  field  aft  of  the  seat  back. 

A  comparison  of  the  aerodynamic  coefficients  for  a  seat  with  and  without  the 
stabilizer  is  made  in  Figures  31  through  34.  These  curves  show  how  this 
device  improves  the  pitch  stability  of  the  seat  with  only  a  negligible  drag 
penalty  when  the  seat  is  at  attack  angles  near  the  stable  pitch  attitude.  The 
stabilizer  causes  the  pitch  trim  attitude  to  change  from  a  value  near  -10  deg 
to  one  near  +15  deg  with  the  18  deg  boom  (See  Figure  31)  and  to  change  from 
near  0  deg  to  +30  deg  with  the  35  deg  boom  (See  Figure  33). 

The  addition  of  the  blast  shield  to  a  seat  with  the  18  deg  boom  and  stabilizer 
slightly  reduced  the  drag  at  attack  angles  near  zero  degrees  as  shown  by  the 

plot  of  Cx  in  FigUre  35.  it  also  Increased  the  attack  angle  of  the  stable 
trim  attitude  and  increased  the  roll  moment  coefficient  as  shown  In  Figure 
36.  The  latter  effect  Is  attributable  to  the  blast  shield  configuration 
having  a  higher  center  of  pressure  relative  to  the  reference  center  of  gravity. 

The  aerodynamic  coefficients  of  configurations  consisting  of  the  seat  with  a 
boom  and  a  blast  shield  are  shown  In  Figures  37  and  38.  The  plots  show  data 
for  18  deg  and  35  deg  boom  angles  and  can  be  interpolated  for  Intermediate 
boom  angles. 


The  addition  of  the  flow  diverter  to  the  seat  with  the  18  deg  boom  causes  the 
trim  attitude  to  shift  to  a  higher  attack  angle  and  causes  a  reduction  of  drag 
at  supersonic  speeds.  These  effects  are  seen  In  Figures  39  and  40.  The  trim 
shift  appears.  In  the  pitch  moment  coefficient  and  the  drag  reduction  In  the 

Cx  plot  for  attack  angles  near  20  deg  (for  which  Cx  is  nearly  Identical 
to  the  drag  coefficient).  The  flow  diverter  has  a  similar  effect  on  drag  when 
added  to  configurations  which  Include  the  stabilizer  (Figures  41  and  42),  but 
has  much  lass  effect  on  the  pitch  trim  attitude  since  this  is  being  controlled 
primarily  by  the  stabilizer. 

Figures  43  through  45  are  plots  of  the  ratio  of  pressure  at  the  crewmember's 
head  to  the  free  stream  total  pressure  as  a  function  of  attack  angle  for 
configurations  with  and  without  the  flow  diverter.  In  all  cases  the  flow 
diverter  achieves  significant  reduction  of  head  pressure  at  supersonic  speeds 
for  attack  angles  between  20  deg  and  40  deg  .  This  is  the  attack  angle  range 
for  which  the  crewmembers  head  lies  within  the  shock  generated  by  the  flow 
diverter. 


V.  CONCLUSIONS 

1.  The  data  presented  in  this  report  can  be  used  for  six  degree-of -freedom 
performance  analysis  of  an  existing  or  planned,  upright  ejection  seat  with 
devices  added  for  stabilization,  drag  reduction  and  wind  blast  protection. 
These  devices  are,  an  aft  body  boom  and  horizontal  stabilizer,  an  upper  torso 
streamlining  blast  shield  and  a  flow  diverter. 

2.  An  aft  body  boom  slightly  reduces  aerodynamic  drag  while  providing  high 
yaw  stabilizing  moment. 

3.  A  horizontal  stabilizer  can  be  used  to  change  the  alpha  trim  point  of  the 
seat.  Interpolation  of  the  data  provided  at  two  different  stabilizer /boom 
positions  can  be  used  to  find  other  trim  positions. 

4.  A  horizontal  stabilizer  produces  high  pitch  stabilizing  moments. 

5.  A  flow  diverter  reduces  aerodynamic  drag  on  the  seat  and  reduces  dynamic 
pressure  on  the  crewmember  at  speeds  above  Mach  one  if  the  seat  is  stabilized 
near  the  design  trim  condition. 
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6.  Drag  reduction  Induced  by  addition  of  an  upper  torso  streamlining  blast 
shield  Is  slight.  This  device  also  causes  an  increase  in  rolling  moment 
coefficient  due  to  an  upward  shift  In  the  center  of  pressure. 

7.  Rocket  exhaust  has  negligible  Influence  on  aerodynamic  characteristics  of 
the  added  devices  with  the  seat  at  an  attitude  near  the  trim  point. 
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Figure  24.  Comparison  of  Force  and  Moment  Coefficient  Variation  with  Angie  of  Attack  of  the  Basic  Seat 
f Configuration  9)  with  Previous  Data  from  AFFDL-TR-74-57  (Ref.  4),  t  **  0 


Figure  24.  (Continued) 


Figure  25  Comparison  of  Force  and  Moment  Coefficient  Variation  with  Angle  of  Yaw  of  the  Basic  Seat 
(Configuration  9)  with  Previous  Data  from  AFFDL-TR-74-57  (Ref.  41.  a  ■  0 


Variation  of  Force  and  Moment  Coefficients  with  Angle  of  Attack  for  Rocket  Off  and  Rocket  On  Conditions, 
Simulated  Sea  Level  Plume,  for  Seat  with  ISP  Boom,  Stabilizer,  and  Blast  Shield  (Configuration  V,  f  -  0 


Figure  27.  Variation  of  Force  and  Moment  Coefficients  with  Angie  of  Attack  for  Rocket  Off  and  Rocket  On  Conditions, 
Simulated  Sea  Level  Plume,  for  Seat  with  35°  Boom,  Stabilizer,  and  Blast  Shield  (Configuration  2),  *  -  0 


MACH  t.6 


Figure  28  Variation  of  Force  and  Moment  Coefficients  with  Angle  of  Attack  for  Rocket  Off  and  Rocket  On  Conditions, 
Simulated  Sea  Level  Plumes,  for  Seat  with  18P  Boom  and  Blast  Shield  f Configuration  3),  -  0 


MACH  1.6 


Figure  29.  Variation  of  Forca  and  Pitching  Moment  Coefficients  with  Angle  of  Attack  for  Seat  with  ISP  Boom  and 
Stabilizer  (Configuration  7 1,  Seat  with  Boom  and  Stabilizer  (Configuration  8),  and  Basic  Seat  (Configuration  9),  0 


Figure  29.  (Continued) 


Figure  30.  Variation  of  Side  Force ,  Yawing  Moment,  and  Rolling  Moment  Coefficients  with  Angle  of  Yaw  for  Seat  with 
IfP  Boom  and  Stabilizer  f Configuration  71,  and  Seat  with  35°  Boom  and  Stabilizer  (Configuration  8),  o  *  11 


Figure  31.  Variation  of  Force  and  Pitching  Moment  Coefficients  with  Angie  of  Attack  for  Seat  with  /fl°  Boom 
( Configuration  5),  and  Seat  with  Iff*  Boom  and  Stabilizer  f Configuration  7i,  m  0 
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Figure  32  (Continued) 


Figure  33.  Variation  of  Force  and  Pitching  Moment  Coefficients  with  Angie  of  Attack  for  Seat  with  35°  Boom 
(Configuration  6),  and  Seat  with  35°  Boom  and  Stabilizer  (Configuration  8),  if*  =0 


33.  (Continued) 


Figure  34.  Variation  of  Side  Force,  Yawing  Moment  and  Rolling  Moment  Coefficients  with  Angle  of  Yaw  for 

Seat  with  35°  Boom  (Configuration  6 1,  and  Seat  with  3fP  Boom  and  Stabilizer  (Configuration  8),  o *75° 


Figure  34.  (Continued) 


Figure  35  Variation  of  Force  and  Pitching  Moment  Coefficients  with  Angle  of  Attack  for  Seat  with  IBP  Boom,and 
Stabilizer  (Configuration  7),  and  Seat  with  IBP  Boom,  Stabilizer,  and  Blast  Shield  (Configuration  1),  += 


MACH  1.6 


(Continued) 


Figure  39.  Variation  of  Force  and  Pitching  Moment  Coefficients  with  Angie  of  Attack  for  Seat  with  ISP  Boom 
(Configuration  5),  and  Seat  with  ISP  Boom  and  Flow  Diverter  (Configuration  10),  4>=CP 


Figure  40.  Variation  of  Side  Force,  Yawing  Moment  and  Roiling  Moment  Coefficients  with  Angie  of  Yaw  for  Seat  with 
ISP  Boom  (Configuration  Si,  and  Seat  with  UP  Boom  and  Flow  Diverter  (Configuration  10),  axCP 


Figure  4a  ( Continued f 


Figun  41.  Variation  of  Force  and  Pitching  Moment  Coefficients  with  Angle  of  Attack  for  Seat  with  UP  Boom  and  Stabilizer 
(Configuration  7}  and  Seat  with  Iff'  Boom,  Stabilizer  and  Flow  Diverter  (Configuration  11), 


Figure  41.  (Continued) 
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Figure  43.  Variation  of  Pressure  Ratio  at  Crewmembers  Head  to  Free  Stream  Total  Pressure  for 
Seat  with  J5°  Boom  and  Stabilizer  (Configuration  8)  and  Seat  with  3S°  Boom,  Stabilizer 

and  Flow  Diverter  (Configuration  12) 


*  Configuration  5 
s  Configuration  10 


Figure  45.  Variation  of  Pressure  Patio  at  Crewmembers  Heed  to  Free  Stream  Total  Pressure 
for  Seet  with  IBP  Boom  (Configuration  5)  and  Seat  with  IBP  Boom  and 
Flow  Diverter  (Configuration  10 
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APPENDIX 


Tabulated  Aerodynamic  Coefficients  For  High  dynamic 
Pressure  Ejection  Seat  Configurations 
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Configuration  1 

Seat  with  18  Deg.  Boom ,  Stabilizer,  and  Blast  Shield,  Jet  On 
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Configuration  1 

Seat  with  18  Deg.  Boom,  Stabilizer,  and  Blast  Shield,  Jet  On 

MOMENT  OATA  ABOUT  SEAT  REFERENCE  POINT 
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Configuration  6 

Seat  with  35  Deg.  Boom,  Jet  Off 
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Configuration  7 

Seat  with  18  Deg.  Boom  and  Stabilizer,  Jet  Off 
MOMENT  DATA  ABOUT  SEAT  REFERENCE  POINT 
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Configuration  7 

Seat  with  18  Deg.  Boom  and  Stabilizer,  Jet  Off 

MOMENT  DATA  ABOUT  SEAT  REFERENCE  POINT 


Configuration  7 

Seat  with  18  Deg.  Boom  and  Stabilizer,  Jet  Off 
MOMENT  DATA  ABOUT  SEAT  REFERENCE  POINT 


Configuration  8 

Seat  with  35  Deg.  Boom  and  Stabilizer,  Jet  Off 
MOMENT  DATA  ABOUT  SEAT  REFERENCE  POINT 


Configuration  8 

Seat  with  35  Deg.  Boom  and  Stabilizer,  Jet  Off 
MOMENT  DATA  ABOUT  SEAT  REFERENCE  POINT 
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Configuration  8 

Seat  with  35  Deg.  Boom  and  Stabilizer.  Jet  Off 
MOMENT  DATA  ABOUT  SEAT  REFERENCE  POINT 
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MOMENT  DATA  ABOUT  SEAT  REFERENCE  POINT 
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Configuration  10 

Seat  with  18  Deg,  Boom  and  Flow  Diverter,  Jet  Off 
MOMENT  DATA  ABOUT  SEAT  REFERENCE  POINT 
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Configuration  10 

Seat  with  18  Deg.  Boom  and  Flow  Diverter,  Jet  Off 

MOMENT  DATA  ABOUT  SEAT  REFERENCE  POINT 


»f*««0«9(l«4M0nNP>l(IM«^«A«A4 
t OOOOOOOOO** • 9« 3009000*0 
O  •  «•••••••••  •  •  •  •  *»aoo  *  *  * 

i  I  i  l  I  * 


•  l  l  l  l  l  •••••II  • 


(••■••^oooooooooaotaoooaaoi 

u  •  ••*••••••••••••••••#• 


••••••9900O99OO99990O3 


7  ?  ?  T  f  ?  f  ?  ?  T  f  ?  7  7*  f  f?  7  7  7  7  7 


>oeo9oaoaooo«ooooo 


•  •  •  l 


tweam  o  ••  f 


•09090000009900 


^OOOOOOOOMOOOOOilOOOOOOOO 

|  I  «■  — <*  «•»•*<+<»  91  *«»*r*r» 


•  009000000004 


•  •  • 


009M0000901 

NMN9  I  I  «•« 

•I  •  I  • 


«•••»•••••••*•••• 


9r>  oon«9i 


000000003001 


•  •••••  ••• 


ssssssssssssssssssszt 


•  •••••••  •••••• 


[OOOKO«lkOOnr»ft<9l»^A00.9fl 

:9M<*o»oooo^o.<<too««.9wooo 


*9«*«i00**0000000  9  0  0  9  9  9 


•  •••••  I  I  • 


»  •  lOOMnniMOO  o<9a^.‘9««2ot9i 


oooM«^o^#oArii4o«f  •«• 

OOMOO^OMO^O/n^OMw^flOO 
IOOM«««*«*«00«f»#|«99N«0  0 

••mmmmmmmOOOOOOOOOOO 

•  ooooooo<*«««*«<««a  9  9 
)•••••••••«•••••••••• 


•  00090000/I00090090000 

!  7  T  777777 #  mmemmm  *  *«* 

•  •  •  •  •••••• 


f»nuiooi«9iRO«9r»o 

«*M«00000000**0 

nnnnnnnnnn 

0000009000 

i  •  i  •  • 

m  r»  «anaooa«o«» 

•  •  •  •  •  • 

•  • 

•  •  •  • 

0000009O9« 

•  • 

0099^00000^00 

0009990090000 

• 

99 9 0--0--9 

121 


Configuration  11 

Saat  with  18  Deg.  Boom,  Stabilizer  and  Flow  Diverter,  Jet  Off 

MOMENT  DATA  ABOUT  SEAT  REFERENCE  POINT 


Configuration  11 

Seat  with  18  Deg.  Boom,  Stabilizer  and  Flow  Diverter,  Jet  Off 
MOMENT  DATA  ABOUT  SEAT  REFERENCE  POINT 


1 


«  O0OO«MMiAP>  -*OO0« 

u  •••••••••  •••• 

OOttOOOOOO  OO00  I 

•  I  II 


- o  o  o - « 

•  •  •  •  •  •  •  •  •  • 

0O0O  0O0O0I 

I  I 


w  ••••••  •  •  • 

»  I  III* 


u 


y  •  •  ••••••• 

oooaoo««*«* 
•  i 


y  •  •  •  •  •  •  •  •  • 


4  I  I  I  I 


ooo«oo«*N^  ••oo««*»nA< 

eoooooooe  eo««ooo«( 


000009000  00000901 


•  •  «!•••••• 


I  I 


0««00 ©  o  —  — 
•  too 
)««r»00  ©ora 


o  S  »  ©  O  O  ©  ©  o!  O  0  0  0  40  OO  ^ 


«*9  -  •»-«  —  ©  © 


«o«oooooo 


000000004 
•  I  I  I  I  I  I  I  I 

o o  «o«*aoai « 


Configuration  1 1 

Saat  with  18  Deg.  Boom,  Stabilizer  and  Flow  Diverter,  Jet  Off 

MOMENT  DATA  ABOUT  SEAT  REFERENCE  POINT 


IS4  VN41* 


X0OOO99OOaoOOO93OOaO999O«« 


1  >  rfl  9«O«9«IO«««»M0«O(I»«««0O 


3099090000000000000000000 


—  —  0*  *  ♦  9  -•  O  ■ 

3r49MMP.^s0^a0„0,MA^44R.r.( 

« aaoaooaoooooooaaoooooal 
(,#•••••••••••••••••••••• 

3o99oooo0o0ooooao«ooao< 


*0-3  90900  3--*-*-3300a0f1fiflfl«0 
< 9 000090000000000000000000 

W  9  9  0  0  000  90  9000000  0  0000  0000 
•  •  I  ••••  I  I  I  ••••••»  I 


3-f 

>00~~9999990< 


•  •  •  •  I 

»o  o  o o  *»  o  o « 


u  • 

9 


»9«O9»»9<A9««9»9«»^0»««««9O»»^O99m 
»  N  9*  9  n*  09O^f»^f»«9fmM*Mi 

OOOOAOItOrtOOOw 

iMM««««a*Ma*<4««999OOO9OO0##O<*«* 

>««f»04NO  9  O^OMOOOM^O«»MOOMn 
»99**9C*«»99  000^*^004^0000^00^0^ 

»ooooooooomoooooo*«oomo«*oo 
—  «*000  0  0  90000000 


a«9  aoaaa  9 


^ooooooooooo* 


-OO0O«»9OO-O-4l--®-r«r»-IPt#ifl44 

0000009000000000000000000 

III! 

II?  I  II  I  I  I  I  f  •  •  •  I  •  I  M  I 

ooZooSSoSSooooSoooooo •••• 

9000000000000000000000000 

i  i  a  •  a 

90^«*^®900  — 000«00<0^0^0e9**«00 
0^f»04««l000^0^00^000r*0«*f90«  9 
n'»«»9^e»*O^«*0*OM9<rt99O9«aOOOOO 

f»MMM^«i«««««00009«090009««i 
•  9I99I9I99I 

0000000«M4»OOOtflO««00^0^0000 
44NO0«9«a  ♦0«44®®®l*0‘«9-0®5 
OOOOOOOOOO9f*«O»»OO«»0*OOOOOO 
009999099999m99999A*t*a^O«"<* 

000009000000 

9199919911999999999)991 

—  —  9«*090090 

•  #••••••••••••••*•*•'**** 

0000000000009000009000000 

lit  I99I9I99I9999I  I 

***  •  •*  •  •*  *•••••••••••••• 

4  I 


.12 

as 

II 

u.  £ 

Sf'gK; 

c  *  * 
Q  <  K 

•Ss< 

j?  5  hi 
1  =s  « 

c  °*  o 

o  CO 

o  S  < 

IS 

II 

21 

Is 

«* 

I 


124 


Configuration  12 

Seat  with  35  Deg.  Boom,  Stabilizer  and  Flow  Diverter,  Jet  Off 
MOMENT  DATA  ABOUT  SEAT  REFERENCE  POINT 


L'l 

Lm 


S  9  ft '•  +  *!+*•  m  <+  +  »  m  +  <w  — 

•2  5  k a  »«•»<*  <«•  — 

jA,ia*<fR>N4  4^M>a4at 

“•*•••»•»•'  ?•*••*•• 

«atf) 

7?**°*** 

•ttaaaaa  a— aaaAaa' 

aaa-— aaa  *aaaaaaa 

a  a  a  —  m  a  a  a  a  —  a  —  —  aaaa 

•???????  •*777777 

■ ;|s:;=22 
*•77777? 

-»4«44t«<*  22i2°2r2 

«S2£*£«~2  2^^^222S 

5  -.777*.$2$' 

"**"**?*•••• 

*»»  t*  •«•••  —  !* 
ANNAN'S  O  — 

••••••?? 

aaaaaaaa  "iSSilS!! 

a— aaaaaa  *4224222 

aaaaaaaa  5*222222 

a— -3— —ana  •“•*•*255 

aaaaaa—a  •  ••••*•"* 

•  •  ^  «  • 

M 

a  a  a  a  a  —  a  a  aaaaaaaa 

3  a  —  a  —  a  ■  a  *24*2222 

********  52252222 

!»i»ji(I!ia«a«  "*442222 

a«  at  ^  «•  a*  a*  a*  M  A  •••••••• 

at  i  a.  »  Jk  £  a.  •-  4  A 

aaa  aaaaaR> 

*•«*•«••  »•♦*•*»* 

5i«  o  ******  j%  w 

—oeaaanaa  • aaaaaaaa 

a********  •***•••*■ 

»«aoaaa«s  f ?°"*2*2 

at  a«n  ■  c  «i  a  «  mmm 

•  •aOON*t« 

*«••<*  41  O  4»  9 

•  1  «•  ••*» 

a  —  aa  —  —  —  aa  '  »•••»•*• 

X  •••••»•»  •••••<•« 

aooaaaaoa  aaaaaaaa 

j  tt  aaaaaaaa 

»034  9  40  O 

aaaaaaaa  aaaaaaaa- 

«*oaaaaa«*a*  —  aa«»J»  — «»*a«<a  »;*C**“***2 

m  mmmmm  m  »  —  —  w«*ann«a^J)*  ""••“StStl 

4<i)>ai««i^»N  a«ina«4^a«n  t2!5“2f?5! 

a  a  a  a  a  a-»i«i»#  a  **i*-«^«i*a 

»••••••••-••  ■  ••»•»••»•  ••'•••••••• 

•**»••»•••  ••»•••*'#•»  jy*oo»»aaa 

aaiaaaaa^a#  aaatM»aM-aA  ■■*>»•*»*"»* 
in«aaaa-aia  a— aaaaaaaa 

saaosaa— mmm  aaaaaaaa  —  a  aa»a»o»««' 
U  ••••••••••  •••••••••• 

•  ••  at«*t  i  i  i  M  l>  i  »  •  »••••• 

a>a«Aa>»«a  a*a  a-,  aaata  aaaaaaaaaa 
a— aaaaaaaa  aaa^vanaaa  •  »22S2;2S2 
«  mm  a  aa  aa  •  »  —  aaaaaaa—aa  aaaaaaaaaa 
i  a>»o«n  a«aa  •>««*  aa  a  a  a 
»•••••••«*»  •*•••••»••  •  •  **•••••• 

•>•••«•»§« 

•••*•*  I  I  I  M 

a  a  a  aa  aa  a  a  a  -*«•»•••••*  4*42425221 

^ •  «•  *• 

w  n  a  •  o  n  •  •  ^  an  m~m* t  ******  * 


U  •  • 
•  l 


a  a  a  a  -  |  •  •  «  •  ------ 

•  i  •  •  * 


a^aa«««9l«1  ta  f  1 


?T i ? • TTT?? 


*  —  •••  •4,i**2  *22 

a^#«a44*^j5,  22  ?<2?2222 


7777777777  7777777777  7777777T7? 


•  •  •  •  • 


a«a  a  •  4»  at 

•  •  i  i  -*«*«§•*••*  i  i 


t^tJi  •««  tt«t  it  • 


<5  ♦  *  »  ~f  • 

S«»t***r*«*  • 


•  r  •  •  •  i  •  •  •  • 


i« ii  >#••!»•  aa/a^aaaaa  f  £12225222 

J  |  |  |  a* « •«  ^  -a* ««  « 


126 


oU-S-Oovarnmant  Printing  Offlcti  1M0  —  M7-QM/1M 


Configuration  12 

Seat  with  35  Deg.  Boom,  Stabilizer  and  Flow  Diverter,  Jet  Off 
MOMENT  OATA  ABOUT  SEAT  REFERENCE  POINT 


